Our study examined age-related differences on a new memory test assessing memory for "who," "when," and "where," and associations among these elements. Participants were required to remember a sequence of pictures of different faces paired with different places. Older adults remembered significantly fewer correct face-place pairs in the correct sequence compared with young adults. Correlation analyses with standardized neuropsychological tests provide preliminary evidence for construct validity. Our results offer insight into age-related changes in the ability to remember associations between people and places at different points in time using a portable test that can be administered rapidly in various settings.
Episodic memory (EM) is the ability to remember a personally experienced event from one's past (Tulving 2002) . Therefore, EM involves remembering events that occur in particular places and at particular times resulting in memory for "what," "when," and "where" (Tulving 2002) . One key feature of EM that differentiates it from other types of memory is that the elements of an EM must be associated into a context to demarcate the episode in space and time. It is well-established that EM relies on the functioning of the medial temporal and frontal lobes (Wheeler et al. 1995; Squire et al. 2004; Kramer et al. 2005) . The hippocampus may be important for memory accuracy, while the frontal lobes may be more important for decision-making and strategic aspects of EM (Kramer et al. 2005) .
Deficits in EM have been well documented in older adults (Shing et al. 2010; Nyberg et al. 2012) and are one of the earliest and most prominent cognitive deficits in Alzheimer's disease (AD; Bondi et al. 2005; Fleisher et al. 2005) . EM impairment also has been documented in older adults diagnosed with mild cognitive impairment (MCI) who are at risk for developing AD (Bennett et al. 2006) . Studies have reported age-related impairments in spatial memory (Iachini et al. 2009; Bohbot et al. 2012; Bates and Wolbers 2014) and temporal order memory (Blachstein et al. 2012; Tolentino et al. 2012; Roberts et al. 2014; Rotblatt et al. 2015) , which are important aspects of EM, supporting memory for "where" and "when" an event occurred. Older adults also show deficits on tests of associative memory (Castel and Craik 2003; Naveh-Benjamin et al. 2004) . The encoding of contextual information may be critical to the formation of EMs due to the need to form associations among stimuli, actions, and places that compose an event (Eichenbaum 2004) .
EM is often measured in the laboratory, and assessed clinically, using well-validated verbal memory tests such as the California Verbal Learning Test-Second Edition (CVLT-II; Delis 2000) . As reviewed by Pause et al. (2013) , a number of experimental tests also have been developed to measure episodic and episodic-like memory (also see Fouquet et al. 2010 ). The present study examined age-related differences on a new test assessing memory for "who," "when," and "where," as well as associations among these elements. Our new test is portable and can be rapidly administered in a laboratory or clinical setting. One new aspect of our test is that it uses a spatial context (e.g., a grocery store) as the "where" component of the test rather than an arbitrary location on a grid, which has been used in previous studies. We hypothesized that the spatial context would resemble the spatial component of everyday EM. We also examined the relationship between performance on our test and a battery of standardized tests to provide preliminary evidence for construct validity.
The Delis et al. 2001) , the Boston Naming Test (Kaplan et al. 2000) , and the Benton Judgment of Line Orientation Test (Benton et al. 1983 ). These tests were administered following our new test. The mean (SD) raw scores of young and older adults on the neuropsychological tests are shown in Table 1 along with statistical comparisons between the groups and Cohen's d effect size estimates.
Colored photographs of faces were acquired with written permission from the FACE database, which includes photographs of Caucasian adult models, validated for facial expression and perceived age (Ebner et al. 2010) . We selected 12 female and 12 male middle-aged faces, displaying "happy" expressions. We used 24 colored photographs of common places that one is likely to visit in daily life (e.g., a park, a grocery store) and none featured any people (purchased and used with permission from Getty Images).
We developed our test to assess memory for the sequential order of face-place pairs. Over the course of a typical day, an individual often meets a series of different people in different places. This test was designed to simulate these everyday experiences. During the study phase, participants viewed pictures of faces and places. The pictures were presented in pairs for 5 sec on a sheet of paper with each pair consisting of one face and one place. Participants were shown a sequence of six face-place pairs one at a time in immediate succession. Participants were instructed to remember which face was paired with which place, similar to how one might remember meeting a person at a particular place in everyday life. In addition to remembering the face -place pairs, participants were instructed to remember the order in which the pairs were presented. This was designed to be analogous to remembering the order in which one met a series of people over the course of a typical day.
Once the six face-place pairs had been presented, participants were immediately given a stack of 12 face pictures and a separate stack 12 place pictures for the test phase. Half were the target stimuli presented during the study phase and half were distractor stimuli. During the test phase, participants were instructed to select and pair together the faces and places presented in the sample phase and to place the pairs in the order in which they were presented. A face -place pair was considered to be in the correct sequence if the pair was placed in the same ordinal position as it was presented during the study phase. The test phase was self-paced and no limit was placed on the time allowed to place the pairs in sequence. Gender and hair color were balanced in the face pictures between target and distractor stimuli.
Participants completed two trials of the test separated by a 1-min interval, with the first trial referred to as "Day 1" and the second trial as "Day 2." None of the target or distractor stimuli from Day l were used in Day 2 and gender and hair color were balanced across trials. All items were chosen from the same set of stimuli but the target versus distractor stimuli for each sequence were chosen pseudo-randomly and were counterbalanced across trials.
As shown in Figure 1 , a one-way analysis of variance (ANOVA) revealed that young adults placed significantly more correct face-place pairs in the correct sequence than older adults on Day 1, F (1,68) ¼ 7.44, P , 0.01, h 2 ¼ 0.10 and Day 2, F (1,68) ¼ 16.98, P , 0.001, h 2 ¼ 0.20. As shown in Figure 2 , a one-way ANOVA also revealed that young adults correctly paired significantly more faces with the correct places (irrespective of sequence) than older adults on Day 1, F (1,68) ¼ 6.15, P , 0.05, h 2 ¼ 0.08 and Day 2, F (1,68) ¼ 13.45, P , 0.001, h 2 ¼ 0.17. As a follow-up analysis, the number of correct face-place pairs placed in sequence was divided by the number of total correct face -place pairs irrespective of sequence for each participant. A one-way ANOVA revealed that young adults placed significantly more correct faceplace pairs in the correct sequence than older adults on Day 1, r) were conducted to examine the relationship between performance on our EM test and the standardized neuropsychological tests. A Bonferroni correction was applied to control for multiple comparisons and the a-level for significance was set at 0.01. Performance on our test was significantly correlated with CVLT-II Total Immediate Recall (r ¼ 0.53, P , 0.001), Trail Making Test Switching Condition (r ¼ 20.45, P , 0.001), and Color Word Interference Test Inhibition Condition (r ¼ 20.50, P , 0.001). However, our test was not significantly correlated with performance on the Boston Naming Test (r ¼ 20.13, P ¼ 0.30) or the Judgment of Line Orientation Test (r ¼ 0.03, P ¼ 0.78).
Our results show that young adults remembered significantly more correct face-place pairs in the correct sequence and more face-place pairs irrespective of sequence compared with older adults. Given that older adults were impaired in memory for face-place pairs in general, one might question whether the age-related deficits in sequence memory were due solely to impaired memory for the face-place associations. To address this issue, the number of correct face -place pairs place in correct sequence was divided by the number of correct face-place pairs overall. We found that young adults still significantly outperformed the older adults in memory for sequences of face-place pairs in this analysis. Our results provide evidence that older adults may experience deficits in multiple associative aspects of the present task, which might contribute to age-related changes in EM. Our findings are consistent with other studies reporting differences between young and older adults on experimental tests of memory for "what," "where," and "when" (Kessels et al. 2007; Kinugawa et al. 2013 ). In addition, we also assessed memory for the individual faces and places involved in the associations. Although we found significant group differences in intrusion errors for faces and places, the average number of errors committed was quite small. Furthermore, age group differences in memory for face-place pairs in sequence were still significant when face and place intrusion errors were entered into the model as covariates. Therefore, the age-related associative memory differences are not due solely to impaired memory for the individual items in the associations.
We also examined the relationship between performance on our test and a battery of standardized tests to provide preliminary evidence for construct validity. One type of construct validity, "convergent validity," is established when scores on a test are correlated with variables that are theoretically related to the construct of interest. In contrast, "discriminant validity" is supported when scores on the measure demonstrate no relationships with variables that are theoretically distinct from the construct of interest (Groth-Marnat 2009). Our test correlated significantly with the CVLT-II Total Immediate Recall Index (a standardized memory measure), providing preliminary evidence for convergent validity. Our test also correlated significantly with performance on two executive function measures from the D-KEFS, which provides additional support for convergent validity and suggests that our test may involve strategic aspects related to executive function. Young adults showed a significant improvement in the ability to remember the face-place pairs in sequence across the two trials. It is possible that young individuals are developing strategies to better remember the stimuli after performing the first trial, which they are using on the second trial resulting in better performance. However, older adults did not show an improvement, suggesting they may not be using new strategies across trials. Our test did not correlate significantly with the Boston Naming Test or the Judgment of Line Orientation Test, which measure the constructs of language and visuospatial perception, respectively, providing preliminary evidence for discriminant validity. Given that performance on our test was correlated with scores on the CVLT-II (a measure thought to be sensitive to temporal lobe function) and scores on two executive function measures from the D-KEFS (indices thought to be sensitive to frontal lobe function), there is preliminary evidence that both cortical regions may play a role in performance on this test. Our findings offer preliminary evidence for construct validity and possible insight into the neural correlates of test performance; however, studies involving larger samples clearly are needed.
One difference between our test and everyday EM is that we informed participants about the subsequent memory test prior to encoding. Given that we wanted to compare performance across two different trials, it was necessary to provide instructions prior to the first trial. Future studies should examine performance when no encoding instructions are provided, rendering the test more analogous to everyday EM. The ability to remember associations between faces and places across time is critically important for EM. Our test was designed to simulate everyday experiences in which an individual meets a series of different people in different places during the course of a day. Clearly these experiences occur across much longer periods of time compared with the present task. Although the difference in the timeframe does limit the generalizability of the present findings to everyday EM, our results offer insight into age-related changes in the ability to remember associations between people and places at different points in time using a portable test that can be administered rapidly in a laboratory or clinical setting.
